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A simple system has been developed for rapid ion exchange separation
followed by source preparation for alpha counting, which is applicable for
various kinds of solvent (such as strong acids and organic solvents) at a
given temperature (up to 120 °C) and pressure (up to 4 MPa}.

By use of the system, 25%Fn (Tl/2 : 30 min) and *"®cf (Tl/2 : 35.7 hr)
synthesized by the Y60+ 238y reaction were separated quantitatively from
a uranium target and an aluminium catcher foil.

This report deals with the outline of the system and its application,

and contains as appendixes manuals for the system preparation and handling,

Kevwords: Pressurized Ion-exchange, Rapid separaticn, Transplutonium,
Simple system, Fluoroplastic tube, a-Source Preparation,

250Fm, Zuﬁcf, lEO+ 238U.
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1. Introuction

Many transplutonium nuclides synthesized by heavy-ion
bombardments have relatively short half-lives and emit alpha
particles. The production yields of the nuclides are quite low
mainly owing to their small formation cross sections.
Accordingly, rapid separation of the transplutonium elements and
immediate preparation of the sources for alpha-ray spectrometry
are necessarily required with considerable recovery in order to
investigate the nuclear reaction.

Among various rapid chemical separation systemsl—7, the
continuous solvent extractor, SISAK6'7, must be the most
excellent system for gamma- and beta-radiocactive nuclides, but it
might associate with a serious difficulty in source preparation
for the alpha-radioactive nuclides. Ion exchange method 1is
suitable for rapid separation, concentration and alpha-counting
source preparation of such transplutonium nuclides. If many
kinds of solvents are utilized as eluents, wide separation
systems by ion exchage will become available.

A pressurized 1ion exchange apparatus has been devised,
which is applicable for various solvents at a given temperature
and flow rate. By evaporation of the effluents directly on a
tantalum disk, the alpha-counting sources were immediately
prepared. The system has been applied to cation exchange
separation for the transplutonium nuclides produced by the 16g 4+

238U reactions.
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2. Experimental

2.1 Reagents

The strongly acidic cation exchange resin, MCI GEL CKOS8Y
{ particle size: 23.5+4 pm, crosslinking: 8 %, exchange capacity:
> 1.9 meq/ml resin )}, was obtained commercially by Mitsubishi
Chemical Industries Limited. The resin was washed successively
with methyl alcohol, hydrochloric acid and distilled water before
use.

Water and reagent-grade Thydrochloric acid used as eluents
were purified by distillation in quartz glass apparatus in order

to remove any salt-deposited matarial.

2.2 Radiocactive tracers

Tracers of 241Am, 2440 ana long-lived fission products,
which were separated from spent fuel solution by anion exchange
with hydrochloric acida, were used to obtain the elution curves.

250Fm and 24%cf were synthesized by bombardments of %0 ion
beams with enérgy 88 Mev to 238y target ( ca. 1.4 mg ) using the
JEARI Tandem Accelerator?/10, The beanm current was about 150
particle nA and the irradiation duration was 30 minutes. The
recoil nuclides contained <239pm and 24%Cf were catched an

aluminium backing foil { ca. 4 mg ).

2.3 Activity measurements
The alpha and beta activities were measured with silicon

surface barrier detector. The counting sources prepared on
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tantalum disks were positioned at a distance of about 5 mm from
the detector to gain higher detection efficiency ( 10-20 % ). A
Ge(Li) detector was also used to identify gamma-radioactive

nuclides.
3. Ion—exchange separation system

3.1 Column for the system
The ion-exchange column used for the system ( see Fig.l and
Photo.l ) was prepared by packing the resin into fluoroplastic
tubpe ( Diflon or Teflon, inner diameter: 1.5 or 2 mm, c¢olumn
volume: 0.25 ml ) and compacting with pressurized nitrogen gas
{ ca. 1 MPa ). The resin was fixed with quartz wool plugs at the

both ends.

3.2 Component of the system

The ion-exchange separation system was composed of the

following parts ( see Fig. 2 ):

1) controller for flow rate of eluents ( a nitrogen gas tank,
a pressure control valve and a 3-way valve made of Teflon ¥,

2) reservoir for sample solution and eluents ( a coupled 4-
way valve made of Teflon, two spiral Teflon tubes ( i.d.: 2
mm, volume: ca.l0 ml ) and a tube pump for sucking the
solution ){ see Photo.2 ),

3) 1ion exchange separator ( a column and a thermostat such as
a water bath and an air bath ) ( see Photo.3 )},

4) monitor, if necessary, for gamma or beta activities ( a

well-type NaI{Tl) scintillation detector or a NA102A plastic
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scintillation tube detector ) { see Photo.4 ), and
evaporator for effluent { a hot plate with gquartz glass and,
if necessary, a fraction collector with a drop counter )

( see Photo.5 ).

All parts were connected through Teflon tubes ( i.d.: 0.25

or 0.5 mm ).

3.3 Operation

After dissolution of a bombarded target and a catcher foil

with an appropriate acid solution, the separation of elements in

guestion is carried out as follows.

1)

3)

A definite volume of the first eluent is previously sucked
into the spiral tube-I by the tube pump, and then the sample
solution is consecutively sucked into the same spiral tube.
Small volume of air is also intentionally sucked between two
solutions to avoid mixing of those.

The coupled 4-way valve is turned in order to transfer the
solutions in the spiral tube~I to the column. The sample
solution is then fed to the column followed by the first
eluent with nitrogen gas pressure by manipulating the 3-way
valve. During this step, the second eluent is sucked into
the spiral tube-II.

The same operation 1s repeated interchangeably with the two
spiral tubes for succesive eluents.

The eluted drops are directly deposited at the centre of the

heated tantalum disk ( 24 mmg x 0.05 mmt ), being evaporated
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moderately by careful control of the hot plate temperature.

The flow rate can be adjusted by controlling the nitrogen
gas pressure { 0.1-4 MPa ) to the system. The column is thermo-

stated at 90 + 1°c.

3.4 Characteristics of the system

The solution in the system contacts with only fluoroplastic
material ( Teflon and Diflon ) and the ion-exchange resin. The
system is therefore applicable for various kinds of solvent
unless they react with the fluoroplastic material, and endurable
with elevated temperature up to 120°C ( decomposition of the
resin ) and high pressure up to about 4 MPa ( bursting the Teflon
and Diflon tubes ). Consequently, it is possible to carry out
rapid ion-exchange separation with many kinds of eluents such as
hydrochloric, nitric and fluoric acids, organic solvents and the
mixture of those under the condition of the pressure below 4 Mpa
and the temperature below 120°C.

The flow of eluent is pulseless. The small amounts of eluent
( more than 0.1 ml ) is passed through the column without mixing
with another eluent and can be deposited on a tantalum disk.

The system ié simply operated by handling the two valves and

the tube pump.
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4. Application

4.1 Elution scheme

Cation exchange separation of transplutonium elements with
hydrochloric acid solutions was examined using the system. Figure
3 shows elution curves for separation of Am and Cm tracers from
fission products, 1.1 mg of U ( target material ) and 3.2 mg of
Al ( catcher foil ) at 909C and flow rate of 22-30 cm/min. The
excess Al over the resin capacity was passed through the column
with 1M HCLl sgolution, and then Cs, U, Sr and the residual amcounts
of Al were eluted. The transplutonium elements were eluted with
4M HC1l accompanying with the rare earths. To avoid the
aluminium contamination in transplutonium fraction, initial
several drops of 4M HCl effluent should be discarded.

The recovery of the transplutonium elements was more than 90
%. It took about 15 minutes to separate the transplutonium

elements and prepare the alpha-counting source.

4.2 Separation of 250pm ana 246cst

Based on the result mentioned above, rapid éeparation of the

transplutonium nuclides synthesized by the 165 4+ 238y
reaction?r19 was carried out.

A bombarded uranium target ( ca. 1.4 mg ) with an aluminium
backing ( ca. 4 mg ) was dissolved with concentrated HC1 in 5-ml

beaker under an infrared lamp. Concentrated HNO, was added to the
beaker in order to completely dissolve the sample and oxidize U

{IVv) and the other actinide elements. The solution was heated to
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near-dryness. The residue was redissolved in small volume of <1M
HCl solution. Separation of the transplutonium nuclides was
performed according to the flow diagram shown in Fig. 4.

The counting source on the tantalum disk was prepared by
igniting it in gas burner flame and alpha-ray spectrum of the
source immediately was measured. Figure 5 shows alpha-ray
spectrum of the transplutonium fraction. 2SOFm( T1/2: 30 min,
alpha energy: 7.43 Mev )11 anda 246cf ¢ Ty/p: 35.7 hr, alpha
energy: 6.76 MeV )ll were identified by their alpha particle

energies and their half-lives®.

5. Conclusions

A system has been developed for ion exchange separation
followed by immediate source preparation for alpha counting. The
manipulation of the system is very simple, The system was applied
to rapid separation of the transplutonium elements synthesized by
heavy-ion reaction from an aluminium catcher foil and a uranium
target. The time for the separation the counting source
preparation was about 15 minutes.

The system can be used with various kinds of solvent ( such
as strong acids and organic solvents ) at elevated temperature
( up to 120°C ) and pressure ( up to 4 MPa ), so that wide
application would be expected for rapid separation of short-lived
elements using ion exchange with mixed media of mineral acids and
organic solventstOr12,13,

We have been devised an automatic ion-exchange separation

apparatus designed on the base of this system, which attaches to
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the R-2 beem line of the JAERI Tandem Acceleratort3. The
apparatus can be employed in combination with a gas-jet recoil
transport system and an activity measurement system. It 1is
promising to more rapidly separate the transplutonium nuclides

synthesized by heavy-ion bombardments.
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Appendix

4)

5)

7)

Manual for the column preparation

Refer to Fig.l. ]

Cut Diflon { or Teflon ) tube { o.d.: 3 mm, i.d.: 1.5 mm,
1: ca. 16 cm ) to obtain 0.25 ml of column volumn.

Widen the both ends of the tube in trumpet shape with a
solder copper after setting two nuts of joints to the tube.
Enter some plugs of quartz wool step by step ( length: ca.
1-2 cm ) into an end of the tube with a glass bar ( <1.5
mm¢ ), and connect a Diflon joint ( i.d.: 0.5 mm ) with the
nut.

stuff the required volume of the resin together with water
into the tube from a resin reservoir { Photo.6 ) by nitrogen
gas pressure ( ca. 1 MPa ).

Enter some plugs of gquartz wool step by step ( length: ca.
1-2 cm ) into the other end of the tube, and connect a
pDiflon joint ( i.d.: 0.5 mm ) with the other nut.

Wash the resin with 10 ml of 4M hydrochloric acid, 5 ml of
distilled water and 10 ml of methyl alcohol.

Determine the weight of the resin, if necessary, after
drying at 110°C and kXeeping in a desiccator at room

temperature for several hours.
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II. Setup of the system

[ Refer to Fig.2. ]

1) Fix a 3-way valve and a coupled 4-way valve made of Teflon
to a burette support, and set two spiral Teflon tubes
( o.d.: 3 mm, i.d.: 2 mm, 1l: ca. 3.2 m ) to the coupled 4-
way valve ( see Photo.2 }.

2) Join a tube pump and the coupled 4-way valve with a Teflon
tube ( o.d.: 2 mm, i.d.: 1 mm ).

3) Connect a Teflon tube ( 1 mmg x ca.40d cm ) with the coupled
4-way valve for introducing the sample solution and/or some
eluents.

4) Set a pressure control valve { <15 MPa ) to a nitrogen gas
tank, and join this valve and the 3-way valve with a Teflon
tube ( 0.d.:3 mm, 1.d.: 2 mm ).

5) Join the prepared column and the coupled 4-way valve with
a Teflon tube { o0.d.:2 mm, 1.d.: 0.5 mm }, and give the
colume a water bath or an air bath maintained at 20°Cc { see
Photo.3 ).

6) Set up, if necessary, a well-type NaI(Tl) scintillator or a
NAL1O2A scintillation tube detector { see Photo.4 ), and join
the coluwmn and the detector with a Teflon tube ( o.d.: 2 mm,
i.d.: 0.5 mm ).

7) Join the detector and a drop counter with a Teflon tube
( o.d.s 2 mm, i.d.: 0.5 mm ).

8) Put a 5-ml beaker or a tantalum disk ( 24 mm¢ x 0.05 mmt )

on a quartz glass plate ({ 10 ¢m x 10 cm ) heated by hot
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II1.

1)

2)

3)

4)

5)

6)

7)

JAERI-M B86—188

plate, whose temperature are controlled carefully.
Open the valve of nitrogen gas tank followed by the pressure

control valve. ( The gas-tank valve should shut for safty. )

Separation procedure

Refer Fig.2, 3 and 4. ]

Dissolve a bombarded uranium target ( up to 5 mg ) with an
aluminium foil ( up to 5 mg ) with 0.1-0.3 ml of concent-
rated HCl in a 5-ml beaker.

Heat the beaker under an infrared lamp.

Add 0.1 ml of concentrated HNO3 to the beaker, and evaporate
the solution to near-dryness: the sample is completely
dissolved, and U({IV) and the other actinides are oxidized.
Redissolve the residue in about 0.5 ml of <1M HCLl solution.
Suck previously a definite volume of the first eluent { 2 ml
of 1M HC1l ) into the spiral tube-I by the tube pump. To
avoid mixing of the solution with the sample solution, suck
intentionally small voluwme of airx.

Suck the sample solution into the same spiral tube.

Turn up the coupled 4-way and then turn on the 3-way valve:
the sample solution and the first eluent are transferred
into the column. Receive the solutions passed through the
column into a 5-ml beaker. Controll the nitrogen pressure
{ 0.1-4 MPa ) to keep a given flow rate.

Suck the second eluent { 8 ml of 1MHC1 ) into the spiral

tube-I1 during flow of the solutions in the tube-I.
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9) Turn off the 3-way valve after flowing out the solutions in

the spiral tube-I.

10) Turn down the coupled 4-way valve and then turn on the 3-way

11}

12)

13)

14)

15)

16)

17)

valve to supply the second eluent into the coclumn. Receive
the effluent into another 5-ml beaker: U, Al and Sr are
eluted.

Ssuck the third eluent { 1 ml of 4M HCL ) into the spiral
tube~I during flow of the solution in the tube-~-II.

Turn off the 3-way valve after flowing cut the second
eluent.

Turn up the coupled 4-way valve and then turn on the 3-way
valve: the third eluent is transfered into the colunn, and
the tranéplutonium elements are eluted accompanying with the
rare earths.

Discard the initial several drops of the effluent to avoid
the aluminium contamination in the transplutonium fraction.
Put a tantalum disk under the drop counter, and receive the
eluted drops directly at the centre of the disk.

Evaporate carefully the drops on the disk by control the
hot-plate temperature.

Prepare a source for alpha-activity measurements by igniting
the tantalum disk in gas burner flame for a few seconds.

Measure alpha activity of the prepared source,
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Diflon joint (i.d.:0,5mm)

Nut
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Resin

Diflon or Teflon tube
{i.d.: 1.5 or Z2mm )

Fig.l1 Diagram of the ion-exchange column .

Photo.1l Prepared ion-exchange column.
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Photo.2 Reservoir for sample Photo.3 Ion-exchange column

solution and eluents. in a thermostat.

Photo.4 Monitor for gamma or beta radicactivities: a well-type

Nal detector (right) and a NAl1O2A tube detector (left).
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photo.5 Evaporator for effluent and a fraction collector.

Photo.6 Resin reserveir for

column preparation.
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Sample (0.1M HCL:0.5 m%)
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Elution curves for separation of transplutonium

elements from the mixture of F.P.,

uranium target

( 1.1 mg ) and aluminium foil { 3.2 mg J.
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Elapsed Time

““‘O(End of )
Irradiation
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4 5 (Dissolutiocn) - Conc. HCL, Heat

Cene. HNO3, Evaporate

110 — 1M HCZ Al mE
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+15 Exchange _—
(0.25 mg)
1M HCLR10 m@ ——— Temp.90°C
T Pressure
4M HCE 5 1m2 — A30kg/cm? -
T Evaporation

o Activity

~-30 min .
Measurement

Fig. 4. Flow diagram for the rapid ion exchange separation
of transplutonium elements from heavy-ion bombarded

uranium target with aluminium foil.
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Fig. 5. Alpha-ray spectrum of the transplutonium fraction.



